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ABSTRACT 

To cope with future requirements, the transfer capacities 

of distribution systems as well as of transmission systems 

in Europe need to be increased. Therefore repowering of 

existing overhead lines with high temperature low sag con-

ductors (HTLS) can be one interesting possibility. Because 

of limited experiences with that technology, current re-

search of TU Dresden, the Federal Institute for Materials 

Research and Testing (BAM) and 50Hertz Transmission 

GmbH investigates the ageing behaviour of several differ-

ent HTLS technologies in a consortium with other Euro-

pean partners. In this context, accelerated ageing tests of 

conductors and its corresponding fittings with combined 

mechanical and electrical loads are done. To evaluate the 

changes due to ageing, several mechanical tests of the con-

ductors are carried out and the contact behaviour of the 

fittings is analysed. 

INTRODUCTION 

In contrast to the conventional ACSR conductors (alumin-

ium conductor, steel reinforced) for overhead lines, HTLS 

conductors shall reduce the sag while increasing the sys-

tem’s ampacity. An ACSR conductor consists of a steel 

core to realize the necessary mechanical strength of the 

conductor and several layers of aluminium strands, deter-

mining the ampacity. Instead, HTLS conductors combin-

ing new core and conductor materials allow for an opera-

tion at higher temperatures combined with a lower thermal 

elongation. In consequence, this leads to higher mechani-

cal and thermal stresses of the conductor systems, resulting 

in higher requirements on materials and construction. For 

grid operators, the technical reliability of new technologies 

is of utmost importance in order to maintain secure opera-

tion of the grid. 

Because of limited experiences of that technology and 

missing standards for testing, the present research focusses 

on investigating the ageing behaviour of several HTLS 

conductor technologies available on the market, with the 

aim to evaluate their suitability for real application. Be-

sides the conductor itself, the whole system consists of 

special fittings too, which have to ensure a safe mechanical 

and current-carrying connection of several conductors 

over the whole lifetime. Both parts, conductors and their 

respective fittings, are stressed with the same mechanical 

and electrical loads, but having different characteristics 

and requirements. Therefore the conductor technologies 

will be described as a system of conductor and fittings, but 

will be investigated each separately in detail. 

For the investigations of the ageing behaviour, conductors 

and their fittings will be stressed by an artificial ageing re-

gime of approx. half a year, combining mechanical and 

electrical loads. Afterwards, several mechanical tests with 

these aged and with new conductors will be done by BAM 

Berlin, to identify possible critical changes in conductor’s 

mechanical characteristics. In parallel TU Dresden inves-

tigates the influence of mechanical and electrical loads on 

the behaviour of the fittings with the aim to analyse the 

contact behaviour and to check their technical safety. 

Conductors 

In cooperation with the project consortium, six different 

high temperature low sag conductors and one high temper-

ature conductor (TACSR) were selected. In addition, a 

conventional ACSR conductor was included in the tests as 

a reference (Table 1). 

Table 1: Overview of conductors selected for testing 

Conductor type 

Outer dia-

meter 

d in mm 

Rated tem-

perature 

r in °C 

Rated break-

ing load 

F in kN 

ACSS/TW 467/66 27.5 200 156 

ACPR 850/87 36.9 150 242 

GZTACSR 392/46 26.8 210 126 

TACSR 382/49 27.0 150 121 

ACCCZ 980/75 36.9 175 248 

ZTACIR 319/191 29.3 210 239 

ACCR 715-T13 26.4 210 113 

ACSR 380/50 27.0 80 123 

Fittings 

Overview 

Depending on the function of current-carrying fittings, ba-

sically one can distinguish between tension-proof fittings 

like splices and dead-ends and non-tension-proof fittings 

like jumper lugs. The focus of the present research is on 

the tension-proof splice and dead-end connectors, which 

are realized as compression connections for most of the 

tested conductor technologies. These fittings are often the 
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weakest links of an overhead line but mainly responsible 

for the reliability and lifetime of the whole system. That’s 

why a high quality and a stable long-term behaviour are 

required mandatorily. Through the compression process an 

electrical connection is established by a metallic contact 

between the surfaces of the contact partners (e. g. conduc-

tor strands, sleeve). That current-carrying contact area 

consists of several single contact spots in parallel, due to 

the roughness of the technical surfaces. To ensure a stable 

contact behaviour, a sufficient contact force must be estab-

lished at the interface, so that the connection can withstand 

several ageing mechanisms, which are induced by me-

chanical and thermal stresses. It is known, that the most 

relevant ageing mechanisms of aluminium to aluminium 

compression connections are force reduction and chemical 

reactions like oxidation and corrosion [1]. Both mecha-

nisms are predominantly temperature-dependent. 

Theoretical background 

The joint resistance Rj is usually measured to evaluate the 

contact behaviour of an electrical connection. Further-

more, the performance factor ku is often used, too. It refers 

the joint resistance to the electrical resistance of the at-

tached conductor of the same length [4]. Thus, a compari-

son between different connections with different geometry 

may be possible. 

The measured joint resistance Rj usually consists of the 

constriction resistance Rc, the film resistance Rf and the 

bulk resistances Rb of conductor and sleeve. Thereby the 

constriction resistance Rc mainly results from the 

constriction of the current at the contact interface due to 

the established contact spots. Together with the film re-

sistance Rf, which describes the deterioration of the con-

tacts due to surface films, it is the most sensitive value to 

evaluate the contact behaviour [2]. 

Due to conventional compression connections for over-

head lines and especially for HTLS conductors are rela-

tively large, the bulk resistances form a large share of the 

joint resistance. Thus, the measured resistance is not really 

sensitive to the contact behaviour of the connections. With 

an electrical model, enhanced for compression connec-

tions from [1] a closer look on the contact behaviour of 

such connections becomes possible. Therefore, the com-

pression connection is modelled with an equivalent circuit 

of infinitesimal electric resistances (Figure 1). 

 
Figure 1: Equivalent circuit of a differential volume ele-

ment of a compression connection [1] 

Thereby, the elements dR1 and dR2 represent the bulk re-

sistances of the sleeve and the conductor. The contact be-

haviour of the connection is mainly included in the re-

sistance dRq. It combines all contact spots between the sin-

gle wires of the conductor and between the sleeve and the 

conductor. 

Based on the accumulated power losses of each of these 

infinitesimal elements, a simplified equivalent circuit is 

derived from that model (Figure 2) [1]. 

 

Figure 2: Simplified equivalent circuit of a compression 

connection [1] 

That simplified model allows a much closer look to the 

contact interface of compression connections and allows 

comparing the contact behaviour of different fittings by the 

resistance Rq, which is independent of the material proper-

ties and geometry. 

EXPERIMENTAL SETUP 

Test Stand 

For investigating the ageing behaviour of the HTLS con-

ductor technologies a test stand was set up to stress the 

conductors and several fittings with an artificial ageing re-

gime. The tests are done in two separate sets with four con-

ductor types each at the same time. 

The specimens are arranged in parallel with one continu-

ous conductor of about 20 m length and a second specimen 

with three splice connectors, which are mounted evenly 

spaced over the same length (Figure 3). All fittings were 

mounted according to the manufacturer’s specifications by 

mandated third-party contractors. The setup for each con-

ductor type consists of two separate specimens with in to-

tal four dead-end connectors and three splice connectors. 

 
1 Dead-End Connector 2 Splice Connector 

3 High-Current Transformer 4 Variable Transformer 

5 Hydraulic Cylinder 6 Hydraulic Unit 

7 Steel Frame   

Figure 3: Schematic overview of the test stand 

The specimens of each conductor type are connected in se-

ries using jumper lugs. The current is feed-in with a high-

current transformer separately for each conductor type and 

is controlled by a variable transformer, which has an auto-

matic temperature control. 

The specimens of each conductor type are furthermore 

connected to a hydraulic cylinder, which is controlled with 
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an automatic force control. This allows an application of 

additional static and/or cyclic mechanical loads. 

Load Profile 

Based on previous considerations and investigations [1], 

[3], [6] the specimens are loaded with a combined electri-

cal and mechanical load during the total test time. 

Electrical Load Profile 

Every conductor type is loaded with a current to reach and 

maintain the conductor’s rated temperature. The tempera-

ture is measured with thermocouples in the middle of the 

continuous conductor of each conductor type. After ap-

prox. six months with that load profile, the current load is 

raised additionally in order to achieve the specified maxi-

mum operational temperature in emergency conditions for 

another 400 h. 

Mechanical Load Profile 

In parallel to the current load, static and cyclic mechanical 

loads are applied at each of the specimen. Static mechani-

cal load HS correlates to the horizontal component of the 

tensile force [8] in an ideal single span of an overhead line 

(for details see [3]). Cyclic mechanical loads stemming 

from wind load events are assumed to contribute cyclic 

mechanical stresses predominantly. Ice loads are ne-

glected. Based on relevant wind velocities [7], which were 

accumulated over an estimated lifetime of about 50 years, 

the resulting tensile forces are calculated (for details see 

[3]). The result is a static mechanical load, which is super-

posed with three different additional cyclic load levels, 

which are defined by a mean load H, an amplitude AE and 

a number of cycles nE (Figure 4, left). Cycles with load 

levels HC1 and HC2 are applied every day to reach the final 

number of cycles at the end of the test time (Figure 4, right) 

and cycles with load level HC3 are applied once at the end 

of the ageing regime. Thereby the mean load H and the ad-

ditional amplitude AE are referred to the conductor’s diam-

eter, as wind loads are linearly dependent on the conduc-

tor’s diameter. Furthermore, all applied mechanical loads 

of the artificial ageing regime are independent from the 

temperature of the conductor. 

 

Figure 4: Static and cyclic load levels (left); schematic 

load profile for daily repetition (right) 

Resistance Measurement of Fittings 

The joint resistance Rj of each splice and dead-end con-

nector is periodically measured following the 

IEC 61284:1998 [4]. The joint resistance is measured at 

ambient temperature with four-terminal-sensing using 

DC current and a microohmmeter. The potential on the 

conductor is tapped with a potential equalizer, the second 

potential measuring point is located at the end of the fit-

ting’s compressed section. All readings are referred to a 

temperature of 20 °C. 

Mechanical Tests 

To look at the effects of the applied artificial ageing regime 

on the conductor system’s mechanical properties more 

precisely, stress-strain parameters of the conductors, in-

cluding Young’s Modulus and tensile strength will be de-

termined. Additionally, the creep characteristics of the 

conductors will be investigated since this effect influences 

the sagging prediction of aged conductors. As a parameter 

to describe the dynamic properties of conductors, their 

self-damping will be studied. Self-damping can be relevant 

for fatigue damage. Further tests on the ductility of the al-

uminium wires, conductor grease and the breaking 

strength of the core wires will complete the characteriza-

tion of the conductors (Table 2). 

Table 2: Overview of mechanical tests 

Test Samples  

Conductor stress-strain and 

breaking strength 
New and aged conductors 

Creep New conductors 

Self-damping New and aged conductors 

Connection strength of fittings 
New and aged conductor/ 

fittings - system 

Core (wire) stress-strain and 

breaking strength 

New and aged core/core 

wires 

Wrapping New and aged wires 

Grease loss New and aged conductors 

RESULTS AND DISCUSSION 

Fittings 

The joint resistances of splices and dead-ends were peri-

odically measured and the average readings were deter-

mined (Figure 5). The error bars mark the scattering of the 

measurements as maximum and minimum. Additionally, 

the performance factor of the fittings was determined, too 

(Figure 6). For the ACPR conductor the ageing test had to 

be interrupted after 2,000 h, because of failing test equip-

ment that could not be replaced in time. 

At the initial state, all types of fittings had low perfor-

mance factors in the range of 0.3 to 0.4. Because of a com-

paratively large sleeve, the ACSS fittings can reach the 

lowest initial performance factors although having the 

highest initial joint resistances. 

The joint resistances of the ACPR fittings stayed nearly 

unchanged (t = 2,000 h). For the TACSR and GZTACSR 

fittings, an increase of the joint resistance of about 

(50 – 60) % is determined combined with a significant in-

crease of the scattering of the measurements too. However, 

at the end of the ageing test the fittings still had averaged 

performance factors between 0.5 and 0.6. In summary, no 
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critical changes could be detected for all fittings with ther-

mal resistant aluminium wires (TACSR, GZTACSR, 

ACPR) over the whole testing period. 

For the fittings of the ACSS conductor with annealed alu-

minium wires, a huge increase of the joint resistances of 

more than three times the initial values was detected. Fur-

thermore the scattering of the readings increased mas-

sively. In consequence the ACSS fittings reached perfor-

mance factors larger than 1.0. Therefore the majority of the 

fittings became even hotter than the continuous conductor 

itself. As a result, the investigated ACSS connections are 

not stable for the applied load regime. 

All types of investigated HTLS fittings have in common, 

that the additionally applied load at emergency rating led 

to a significant decrease of the joint resistances (Figure 5 - 

Figure 7). So far, it is not clear what causes that behaviour. 

Maybe the higher temperatures lead to a softening of the 

contact areas and larger metallic contact spots are formed 

at the interface, which reduce the contact resistance and 

thus the joint resistance. A similar behaviour was also ob-

served and investigated by J. B. Williamson, who de-

scribed it as a self-healing effect of connectors [9]. How-

ever, these effects will be analysed more deeply during the 

next steps of this research. 

 
Figure 5: Joint resistances of splices and dead 

 
Figure 6: Performance factors of splices and dead-ends 

 

The analysis of the fittings with the simplified equivalent 

circuit (Figure 2) splits the joint resistance into the bulk 

resistances of the sleeve and the conductor and the re-

sistance Rq which is directly increased by ageing phenom-

ena. In the initial state the joint resistance of all fittings is 

dominated by the bulk resistances (Figure 7). Furthermore, 

the initial resistance Rq of the ACSS splices is the highest, 

which means the worst contact behaviour. That is in ac-

cordance with previous investigations, which already 

found out, that it is more difficult to reach a low contact 

resistance of connections with soft aluminium wires. Due 

to the soft aluminium causing a limited elastic spring-back 

of the conductor after the assembly, lower contact forces 

at the interface are established, which makes it more sus-

ceptible for ageing [6], [10]. The large dimensions of the 

ACSS sleeves impede the degree of metal forming during 

the compression process [1]. As a result, smaller initial re-

sidual forces at the contact interface remain. Additionally, 

the applied ageing regime leads to an advanced deteriora-

tion of the contact spots at the interface and to a significant 

increase of the joint resistance, which is now dominated by 

the resistance Rq. 

The contact behaviour influences the current distribution 

inside the fittings, too. For small resistances Rq, a large 

proportion of the current commutates from the conductor 

to the sleeve already at the ends of the fitting. Due to dete-

rioration of the contacts, the resistance Rq increases, and 

the commutation of the current becomes more linear along 

the length of the fitting. Thus, the changed current distri-

bution leads to a higher bulk resistance of the conductor, 

while the bulk resistance of the sleeve is lower (Figure 7) 

[1]. 

 

Figure 7: Composition of the joint resistances of splices 

based on the simplified equivalent circuit 

Conductors 

Conductor ageing and mechanical tests of all eight conduc-

tor technologies are still in progress at the moment. Self-

damping characteristics for the first two conductors (new 

and aged conductors) are shown in Figure 8. Data was ob-

tained by using the power method, according to EN 62567 

[11] and smoothed for easier comparison. However, a 
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shorter test length (~ 20 m) had to be chosen due to the 

maximum size of the aged samples. To assure reliable data, 

a validation of the test setup by comparing power method 

and ISWR method has been done prior to the tests. This 

validation showed similar results for an ACSS/TW con-

ductor. 

Figure 8 shows an increase in the power dissipation of the 

conductors due to the aging process. This effect can be 

seen at both conductor types and is more significant for 

higher frequencies. The increase of power dissipation can 

be explained by the mechanical stress applied to the con-

ductors. Creep causes plastic deformation while the cyclic 

loading slightly loosens the stranded wires. This allows a 

larger relative movement, higher friction and subsequently 

leads to a higher power dissipation in the aged conductor 

compared to the new one. A final evaluation of the test re-

sults will be possible once all eight conductor technologies 

have been studied. 

 

Figure 8: Self-damping characteristics of new and aged 

conductors 

CONCLUSION AND FUTURE RESEARCH 

Ageing tests are carried out with several different HTLS 

conductor technologies. The aim is to investigate the age-

ing behaviour of HTLS conductors and fittings under the 

influence of continuous high electrical-thermal stress and 

variable mechanical stress, which was simultaneously ap-

plied. So far, the first ageing tests of four conductor tech-

nologies have been finished. Concerning the fittings, the 

impact of the applied load regime on the contact behaviour 

of the splice and dead-end connectors is clearly detectable 

for all kinds of tested fittings. For conductors with thermal-

resistant aluminium wires (TACSR, GZTACSR, ACPR), 

no critical changes could be detected during the testing pe-

riod (ACPR only 2,000 h). However, fittings for a conduc-

tor with soft aluminium wires (ACSS) have shown a huge 

increase of the measured joint resistances, caused by a sig-

nificant deterioration of the contact behaviour. Thus, the 

fittings for the investigated ACSS conductor technology 

must be assessed as unstable. 

The first results from the mechanical tests show a change 

of dynamic behaviour of the new and aged conductors. A 

final evaluation of the results of all mechanical tests will 

be published, once all conductors have been aged and the 

experiments are concluded. Therefore, the second set of 

ageing tests, which is still ongoing, will be continued and 

the contact behaviour of the fittings will be analysed, too. 

The results should allow to evaluate the observed changes 

due to the ageing regime for the whole HTLS system, con-

sisting of conductors and corresponding fittings. 
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